Objectives: To determine the prevalence of anaemia, identify the predictors of anaemia, compare the prevalence of anaemia among children living in American Samoa to those found in children living in the USA, and compare the growth patterns obtained from this study to Centers for Disease Control and Prevention (CDC) data and data obtained earlier in American Samoan children. Design: Cross-sectional. Setting: American Samoa, a Pacific Island. Subjects: In all, 208 children aged 5-10 years. Results: Anaemia (Hb , 11?5 g/dl) prevalence was 17?3 %. There was a significant difference in mean Hb levels in children within American Samoa as compared to National Health and Nutrition Examination Survey III data (P , 0?05). In children with BMI Z-score (BMIZ) (P , 0?05) and weight-for-age Z-score (WAZ) (P , 0?05) .2?0, females had a significantly higher prevalence of anaemia than males. Females with a WAZ . 2?0 had a significantly higher prevalence of anaemia than females with a WAZ # 2?0 (P , 0?03). Risk factors for anaemia were mother having less than a high school education (P 5 0?02), no car (P , 0?01) and no phone (P 5 0?02). The BMIZ (P , 0?000), height-for-age Z-score (P , 0?000) and WAZ (P , 0?000) were significantly different from the distribution of CDC reference data and that found in children previously assessed in American Samoa. Conclusions: Anaemia is high among children aged 5-10 years living in American Samoa. Growth pattern Z-scores reveal that American Samoan children are, on average, taller, heavier and more overweight. Further examination into the causes of anaemia and overweight is warranted.
Anaemia among school-aged children is considered a public health problem and growing children are vulnerable to its consequences (1) . All clinical symptoms of iron-deficiency anaemia, including anorexia, nausea, flatulence, dimness of vision, headache, listlessness, fatigue and reduced work capacity, may have a significant impact on the performance of school-aged children (1) . In addition, school drop-out rates among school-aged children have been shown to be associated with nutritional anaemias (1) . One of the Healthy People 2010 goals is to eliminate health disparities and the objectives include reduce the incidence of all anaemias and increase the number of people who have a healthy weight (2) . To date, the prevalence of, or factors associated with, anaemia and its relationship to weight in a representative sample of 5-10 years old children living in American Samoa have not been determined.
American Samoa is an unincorporated territory of the United States with an estimated population of 57 663 and a total land area of approximately 70 square miles (3) . The present research was conducted in support of the American Samoa Health Department's essential functions of monitoring health status to identify community health problems and conduct research for new insights and innovative solutions to health problems (4) . In addition, the project was designed as a collaborative effort to obtain baseline nutritional assessment data in support of the Healthy Living in the Pacific Island (HLPI) project (5) social and economic predictors of anaemia; (iii) compare the prevalence of anaemia among children living in American Samoa to those found in children living in the USA using National Health and Nutrition Examination Survey III (NHANES III) comparison data; and (iv) compare the growth pattern Z-score data obtained from this study to Centers for Disease Control and Prevention (CDC) data and data obtained from an earlier study conducted in American Samoa (1978 and 1982) .
Participants and methods
The study design was cross-sectional. Study participants were children, 5-10 years of age, living in American Samoa in 2003. Two-stage proportionate-to-population size cluster sampling was used for household selection, and 208 children from twenty-five American Samoan villages were evaluated. Within the selected households, one child from the appropriate age range was randomly selected to participate. 
Data collection
Data were collected at the household level via interview using a questionnaire translated to the native language. Participants had the option of being interviewed using English or the native translation of the questionnaire. The interview obtained data on child and household-specific demographic, health, social and economic factors. If more than one child in a household was within the appropriate age range, the participant was randomly selected. Written consent was obtained at the household level from one of the primary caregivers prior to data collection. In addition, children aged 7-10 years signed an assent prior to participation.
A stadiometer (Invicta Plastics Limited, Leicester, England) was used to measure child stature and weight was obtained using the UNICEF Electronic Scale 890 (Seca, Vogel & Halke, Hammer Steindamm 9-25, Hamburg, Germany).
References from CDC (6) were used to calculate BMIfor-age Z-score (BMIZ), height-for-age Z-score (HAZ), and weight-for-age Z-score (WAZ). Growth pattern data collected by J. Bindon and his team from children aged 6-10 years living in American Samoa in 1978 and 1982 (7) were used to compare BMIZ, WAZ and HAZ distribution to data obtained in the present study.
Hb concentration was used to assess anaemia (8) . Rapid evaluation of anaemia was conducted in the household using the HemoCue Blood Hemoglobin Photometer (HemoCue, Angelholm, Sweden). Anaemia was diagnosed using the WHO age-specific cut-off Hb values of ,11.5 g/dl (children aged 5-11 years) (9) . Anaemia status and Hb results from American Samoan children aged 5-10 years were compared to data from children of the same age range collected during NHANES III. Within the NHANES III data set, Hb was available for 2776 children aged 5-10 years.
Statistical analysis
Statistical analyses were completed using the Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) version 12.0.1 and EPINUT in Epi Info 2000 (CDC, Atlanta, GA, USA). Descriptive statistics were completed and histograms were used to visually determine the normality of the distributions. Relative risk was used to describe the ratio of the risk attributable to anaemia. Participant data were stratified into dichotomous groups and analysed using joint contingency tables followed by x 2 statistics. Using the anaemia cut-off value of Hb , 11?5 g/dl, logistic regression was used to determine the relationships between anaemia and the variables of interest. One-sample t test and t test for two independent samples were completed. Data analysis was completed at the 95 % level to determine significance. Data are presented as mean (SD).
Results

Demographics
The mean age of children (n 208) was 7?3 (SD 1?5) years (range 5?0-9?9 years) and 49 % were female. The percentage of children classified as 100 % Samoan as reported by their guardian was 82 %. An additional 10 % had one parent who was 100 % Samoan. Thus, all children were at least 50 % Samoan. Mean birth weight was 3?50 (SD 0?60) kg (range 1?82-6?14 kg). Reported father literacy rate was 95 % and mother literacy was greater than 99 %. Of the fathers, 91 % had at least a high school education and 28 % were educated beyond high school. Similarly, 94 % of the mothers had at least a high school education and 33 % were educated beyond high school. Households were typically large, with 60 % having seven or more family members living together.
The following items were used as economic indicators: 99 % of the families had electricity, 94 % a television, 88 % a radio, 85 % a telephone, 83 % a refrigerator, 81 % an indoor toilet and 63 % a car. Reported annual household income was less than $25 000 in 67 % of the households and less than $10 000 in 35 %.
Children eating breakfast and lunch at school were 96 %. Within the children surveyed, 85 % participated in physical activity at school, 50 % participated at least three times per week and 18 % were on at least one sports team. Of the children, 50 % watched one hour or more of television on school days and 75 % on weekends. In 67 % of the households, at least one individual smoked cigarettes.
Anaemia in children living in American Samoa
Anaemia prevalence for pre-adolescent children (5-10 years) living in American Samoa was 17?3 % (n 208). The prevalence of anaemia by age is shown in Fig. 1 Positive predictors of anaemia, determined by x 2 analysis, included the following: mother not having a high school education (P 5 0?02), no car (P # 0?01) and no phone (P 5 0?02). As determined by relative risk assessment, children were 2?6 times more likely to have anaemia if their mother had not completed high school, 2?3 times more likely if they had no car and 2?2 times more likely if they had no phone. A logistic regression model for predictors of anaemia yielded the family having no car as the only significant variable (P , 0?005; 95 % CI 0?16, 0?69). Age, gender, weight, parental education and literacy, and diarrhoea, vomiting or fever within the last 7 d were not associated with anaemia in the model.
Anaemia in children living in American Samoa compared to NHANES data
Comparing children living in American Samoa with children of similar ages using NHANES III data, children living in American Samoa had significantly lower mean Hb levels (P 5 0?3). There was a significant difference between females (P , 0?05) but no difference between males. The only significant difference found between ages was in 9-year-olds (P , 0?001). Anaemia prevalence differences between children living in American Samoa and the children living within the US mainland are shown in Fig. 1 .
Growth patterns as compared to CDC reference standards Mean (SD) BMIZ, HAZ and WAZ by age category are shown in Table 1 . There were no significant gender differences for mean HAZ, WAZ and BMIZ. Mean BMIZ (P , 0?000), HAZ (P , 0?000) and WAZ (P , 0?000), as a whole and by gender, were significantly different in n, number of subjects; BMIZ, BMI-for-age Z-score; HAZ, height-for-age Z-score; WAZ; weight-for-age Z-score.
American Samoan children compared to the CDC reference population (6) .
Anaemia and its relationship to overweight in American Samoan children
The prevalence of anaemia within children by BMIZ and WAZ categories #2?0 and .2 Z-scores is shown in Fig. 2 .
The cut-off value of 2?0 Z-scores was selected since a child in a particular population is regarded as overweight if between 2?0 and 4?0 standard deviations of that population (10) . When evaluating anaemia prevalence in all children, there was no significant difference between children with # 2?0 or .2?0 BMIZ or WAZ. In children with BMIZ (P , 0?05) and WAZ (P , 0?05) . 2?0, females had a significantly higher prevalence of anaemia than males. Females with a WAZ . 2?0 had a significantly higher prevalence of anaemia than females with a WAZ # 2?0 (P , 0?03). There was a significant interaction between gender and weight (WAZ) as a predictor of anaemia (P , 0?05).
Growth pattern changes within the children living in American Samoa since 1978 Mean (SD) BMIZ, WAZ and HAZ distribution comparing children aged 6-10 years living in American Samoa assessed within the present study conducted in 2003 and the data collected by J. Bindon and his team in 1978 and 1982 (7) within children of the same age range compared with the CDC reference population are shown in Fig. 3a-c . There was a significant difference (P , 0?000) between mean BMIZ, WAZ and HAZ data obtained from the two studies. Comparing data obtained in our study with data collected in 1978 and 1982 (7) , height and weight patterns of American Samoan children are shifting to the right.
Discussion
Anaemia
The unmet need for iron in times of rapid growth, during infancy, early childhood, adolescence and pregnancy, results in iron-deficiency anaemia and iron deficiency. In addition, poor dietary iron intake, especially of bioavailable iron, and helminth infections such as hookworms result in iron deficiency and anaemia (11) . Iron deficiency is the most common nutritional cause of anaemia but it is essential to recognise that multiple nutrient deficiencies may be present (12) . The prevalence of anaemia within this sample of American Samoan children was 17?3 %. Results from US data obtained in 1988-94 through NHANES III (13) revealed the prevalence of anaemia in children aged 6-8 years to be 4?5 % and within children aged 9-11 years, 1?0 %. In comparison, prevalence of anaemia in children aged 6-8 living in American Samoa was 18?7 % and in children aged 9-10 it was 14?9 %. Prevalence of anaemia from NHANES II (1976-80) for all races and Caucasians ages 6-8 years was 2?3 % and 1?5 %, respectively, and for ages 9-11 years it was 2?8 % and 2?5 %, respectively, with the lowest prevalence of anaemia in children aged 6-8 years (14) . The Washington State component of the Ten State Nutritional Survey conducted in 1968-71 reported anaemia prevalence of 10?8 % and a median value of 12?9 g/dl among children aged 5-11 years (15) . NHANES data show the progress made within the USA on decreasing the prevalence of anaemia over time (14, 16) . American Samoa, as a US territory, could be expected to have comparable anaemia prevalence levels, but instead they are considerably higher.
In a study of Marshallese children, using the WHO cut-off values for anaemia, 13?8 % of children aged 6-8 years and 9?1 % of children aged 9-11 years were determined to be anaemic (17) . In comparing the Marshallese children with American Samoan children, the prevalence of anaemia was higher in the American Samoan children for all age categories with the exception of 8-year-olds.
Values derived from NHANES III (1988-94) showed a mean Hb of 13?09 (SD 7?92) g/dl (16) for all children aged 6-11 years and was similar to the findings of Harmatz et al. (12) . Both report mean Hb levels greater than those Fig. 2 Prevalence of anaemia within the American Samoan children by BMI-for-age and weight-for-age Z-score categories (n 208) (BMIZ, BMI-for-age Z-score; WAZ, weight-for-age Z-score). *Females with BMIZ and WAZ . 2?0 had a significantly higher prevalence of anaemia than males (P , 0?05). **Females with a WAZ . 2?0 had a significantly higher prevalence of anaemia than females with a WAZ # 2?0 (P , 0?03) (', male; , female; &, both genders)
Z-score
found within the children living in American Samoa, 12?49 (SD 1?13) g/dl.
Growth patterns as compared to CDC reference standards Maintaining a healthy weight should begin in early childhood and Healthy People 2010 Leading Health Indicators include reducing the proportion of children and adolescents who are overweight or obese (2) . Populations progressing socio-economically are presenting with diseases of excessive food consumption, which are affecting a growing number of children (18) . The HAZ Fig. 3 (a) BMI-for-age Z-scores of American Samoan children aged 6-10 years from two studies, †, ‡compared to Centers for Disease Control and Prevention (CDC) reference data. †Reference data set from Bindon and Zansky collected in 1978 and 1982 (1986) (7) ; n 228; Mean 0?49, SD 0?93. ‡2003 data: n 160; Mean 1?03, SD 1?02. *Statistically different (P , 0?000). (b) Weight-for-age Z-scores of American Samoan children aged 6-10 years from two studies, †, ‡compared to CDC reference data. †Reference data set from Bindon and Zansky collected in 1978 and 1982 (1986) (7) ; n 228; Mean 0?38, SD 0?84. ‡2003 data: n 160; Mean 1?12, SD 1?20. *Statistically different (P , 0?000). (c) Height-for-age Z-scores of American Samoan children aged 6-10 from two studies, †, ‡compared to CDC reference data. †Reference data set from Bindon and Zansky collected in 1978 and 1982 (1986) (7) ; n 228; Mean 0?07, SD 0?93. ‡2003 data: 160; Mean 0?71, SD 1?22. *Statistically different (P , 0?000) ( , Theoretical Z-score distribution; , 1978; , 2003) (Fig. 3a-c) , the mean BMIZ, WAZ and HAZ were all statistically different. This reveals that children in 2003 had a higher BMI, were taller and weighed more than children assessed in 1978 and 1982. Prior to outside influences, Pacific Islanders living in the traditional manner were robust, physically fit, active and relatively free of nutritional deficiencies or disorders and their remoteness helped protect them from diseases inherent to other parts of the world; however, in modern times their health risks are some of the highest in the world (19) .
Health
During the school year, 96 % of the children reported participation in the school breakfast and lunch programmes. With a potentially significant portion of a child's daily energy consumption provided from meals consumed at school, it is essential that schools and communities share the responsibility of providing all students with access to highquality meals and school meal plans should contribute to dietary patterns consistent with the Dietary Reference Intakes (20) . New US school board state legislature policies are aimed at establishing nutrition standards for beverages and foods sold in schools (21) ; it would be beneficial to consider these policies in American Samoa.
A previous study, conducted to assess the diet of American Samoan children, found that energy intakes of the children were low, in addition to the reported intakes of calcium, phosphorus, iron, thiamin and riboflavin; however, it was concluded that with the potential exception of iron deficiency, the low reported intakes of most of these nutrients were not supported by clinical symptoms of undernutrition (22) . Since the current study found a high prevalence of anaemia, further studies should clarify that iron deficiency is indeed the cause, and factors leading to it. Increased dietary intakes of foods high in iron such as meats and iron-fortified foods, or iron supplements, if medically indicated, should be promoted (23) . No health status indicators from the present survey were predictors of anaemia. Helminth infestations can result in iron deficiency and anaemia; however, neither filariasis nor helminth diagnosis or treatment, within the last 6 months as reported by the caregiver, were associated with anaemia in this study. A study conducted in children aged 5-12 years living within the Pacific Islands in 2001-2002 also found no association between helminth infection and anaemia (24) . The American Samoa Department of Public Health is participating in the WHO Filariasis Campaign to control filariasis and helminthes. Therefore, helminth infection does not appear to be the primary cause for the high prevalence of anaemia within this population.
Physical activity is a Healthy People 2010 Leading Health Indicator. One of the objectives is to increase the proportion of adolescents who engage in vigorous activity that promotes cardiorespiratory fitness 3 or more days per week for 20 or more minutes per occasion (2) . Within this study, 85 % of the children participated in physical activity at school. Increased physical activity is another important strategy to prevent and control overweight.
Within American Samoan children, aged 5-10 years, assessed within this study, the prevalence of anaemia was very high at 17 % compared to US children from NHANES III. Lower level of mother's education and economic indicators were associated with a higher risk of anaemia. The mean BMIZ, WAZ and HAZ are high when compared to CDC reference data and to children of the same age range living in American Samoa assessed in 1978 and 1982. Effective child health initiatives will require leadership, strong health systems, targeted human and financial resources, and modifications to existing health systems (25) . The actual cause of anaemia within this population cannot be determined without additional biochemical analysis and future research initiatives should incorporate specific analysis to determine the iron status. Since obesity can also result in immunosuppression, infectious and non-infectious morbidity should be evaluated. In addition, detailed dietary intake including school meals should be evaluated along with determining of actual helminth infection.
The challenge of combating anaemia is in understanding how to implement effective and sustainable interventions (26) . In American Samoa, local leaders and medical professionals will need to determine best practices for the region. Suggestions for clinical practice would be to incorporate the CDC recommendation for children aged 5-12 years, which includes screening for anaemia in children with low iron intake, special healthcare needs and a history of iron deficiency anaemia (27) . Primary prevention strategies need to be designed and tested and an adequate investment in resources are required to establish effective treatment plans (28) . The results derived from this study provide a foundation for health policy, health promotion, programme implementation and on-going evaluation emphasising dietary adequacy and weight management to ensure health and nutrition initiatives for pre-adolescent children living in American Samoa are met.
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